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Project Description

This project is fundamentally a mapping program, intended to provide
comprehensive information on the extent and local abundances ofArundo donax in the
Bay-Delta watershed. It builds upon 2 preliminary exercises to determine distribution
and abundance of Arundo at different spatial scales: the first is an informal geographica!
assessment by members of Team Arundo del Norte of Arundo in the 9-county San
Francisco :Bay Area downstream of the Sacramento/San Joaquin confluence; the second
was tangential to a University of California Water Resources Center-supported ecological
study of Arundo in which we conducted remote interviews with local resource managers
and knowledgeable sources throughout Californ’~a, in order to provide an initial
characterization of the distribution of Arundo in the state (Figure 1). While useful in a
broad sense to demonstrate the regional scope of invasion by this noxious plant, the very
coarse level of detail and unevenness of information sources mean that these data are of
limited use in accurately assessing the status of the plant.

The proposed work will address the following information needs:

Where are current existing populations of Arundo, what is its abundance within
definable river reaches, and where are problem infestations - reEecting the
differences in the spatial resolution applicable in different regions as wetl as the
different mechanisms for information presentation, plant distribution information in
the catchments immediately surrounding the Bay will require a greater level of detail
than that appropriate for the entire watershed, that is the major river systems and
tributaries of the Sacramento and San Joaquin Rivers

o What are the sources of material causing downstream infestations, as dispersal of
plants occurs as a result ofrhizomes being carried downstream by river flows

What are the physical characteristics associated with the presence of Arundo in river
channels, and what factors characterize locations where it is not currently found (such
information may suggest environmental factors that could be managed to prevent or
reduce infestations)

What is the role of Arundo (and other key invasive riparian plants) in existing and
planned restoration sites, and can systems be managed to reduce infestations

The study will be conducted as a set of interlinked Tasks.

Task 1. High density mapping of SF Bay/Delta infestations
The informal geographical surveys for Bay counties (Sonoma, Napa, San

Francisco, San Mateo, Alameda and Contra Costa) will be completed and co-ordinated
through a single entity (University of California), and these surveys will be extended to
the remaining counties (Maria, Solano, Santa Clara) to provide a comprehensive picture
of Arundo infestations throughout the Bay Area. The surveyor will gather data at every
point accessible via existing road systems, a method that has been successful so far in
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Figure 1. Distribution of Arundo
donax in California, based on
telephone and electronic surveys
compiled by James Robins (U.C.
Berkeley, Div. of Range Science)
and field surveys by T. Dudley,
for U.C. Water & Wildlands
Resource Centers.

o 0 =no Amndo

I --020033
1-020033



agriculture and other sources which may explain, in part, noted increases in pest plant
abundance. Nitrate concentrations would be measured in surface water at field sites using
a nitrate electrode, preferably at baseflow conditions during the growing season (mid-
spring through early fall). Environmental and abundance data will be analyzed using
multivariate statistical methods to identify factors correlated with relative abundance and
performance of plants, in particular to examine whether there are natural or
anthropogenic factors (e.g. flood frequency, stream regulation, agricultural run-off,
riparian status, etc.) which may show significant relationship with Arundo populations.
Such analyses may provide strategies to improve control and reduce costs of control, and
to suggest where control may not be needed if environmental factors can be managed so
as to regulate invasive plant populations below an economic or ecological threshold.

In addition, particular attention will be paid to investigating through interviews
and field reconnaissance to identify the uppermost populations which are likely sources
of plant material distributed to sites downstream, and where eventual control efforts
should be initiated.

This information will be compiled in a database as before, but then incorporated
into the ICE California Rivers Assessment basemaps. Where feasible, we will integrate
our database with that of the Delta Flood Protection Program (DFPP) being developed by
the California Department of Water resources.
[completion date for data acquisition: October 2000; for map production: June 2001]

Task 3. Arundo and riparian restoration
The role of invasive species interfering with habitat restoration will be addressed

in conjunction with Tasks 1 and 2. In some cases Arundo eradication is itself a major
goal of a restoration project; in most, degraded habitat is to be restored towards a
condition that will better support native species or riparian/wetland habitat is being
created as mitigation for impacts elsewhere. In all these situations we will investigate the
presence of Arundo following restoration efforts, in order to evaluate the risks that it
poses to current and future restoration efforts. These sites will be visited during regional
sampling work, as well as contact will be made with managers responsible for conducting
and/or monitoring the work. We are compiling a list of the relatively small number of
restoration projects in which Arundo is being controlled; many other restoration projects
managers can be contacted through the Noxious Weed Inventory developed by the
California Dept. of Food & Agriculture. In these cases we can be relatively assured of
the quality of the information about invasive species present at the sites because of the
expected high level of knowledge possessed by restoration managers.

Oftentimes local vegetation maps are constructed to support the restoration
project, and in most Arundo eradication work this is also the case, so we also have an
excellent opportunity to acquire data on invasion and re-infection rates. Although this
level of mapping is not the intent of the current proposal, it will be a functional element
of the eradication work proposed in the companion proposal to CalFed ERP, and
extensive information sharing will take place to support planning and monitoring of all
these programs throughout the Bay-Delta watershed. This program will provide a
standardized platform for consolidation of new data and existing data region-wide.
[Completion date: October 1999]
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context of watershed protection plans to promote the recovery of a variety of listed salmonid
species and subspecies. Threatened herptiles are likely to benefit from reducing exotic species,
including listed species (e.g. red-legged frog, Rana aurora, associated with slower side
waters) and declining species (e.g.foothill yellow-legged frog, R. boylei, western pond turtle,
Clemmys marmorata).

Regarding benefits to other ecosystem restoration programs, a central goal of our
work is to evaluate the potential risks of invasive plant species, particularly Arundo, to
interfere with current or planned restoration work. As outlined in the proposer’s lecture at
the 1999 State of the Estuary Conference, there are abundant examples of restoration
efforts within the watershed where exotic plants already cause major impacts to ’restored’
habitats. The potential for Arundo impacts is extremely high, especially since it appears
to still be invading epidemically throughout the watershed. It is critical that anticipated
riparian restoration projects envisioned in the CalFed Ecosystem Restoration Program
take this concern into account, and while the CalFed Program is certainly aware of the
Arundo problem in the region, there appears to be relatively little consideration of the
threats posed to restoration work at this point in the process.

In the ecological context, this project also entails hypotheses regarding the
relationship of Arundo invasion and environmental parameters. Based on preliminary
surveying, we can describe some environmental features associated with infestations,
such as lower gradient streams at low-to-moderate elevations, but with broad associations
with soils type, water availability and vegetation. To refine these relationships, we will
test a variety of hypotheses that may more adequately describe where problems occur (or
do not seem to occur), particularly the relationship with flood frequency and intensity, the
role of water regulation, the influence of land use and channel modification, the effects of
elevated nitrate levels in surface- and groundwater as well as other water quality
parameters. These are too complicated to list as detailed hypotheses, but will be tested
via multi-variate analyses of environmental and distribution data collected in the project.
The results of those analyses may be useful not only in highlighting where control efforts
should be located, but also in articulating water and land use management policies that
may help reduce the impacts of exotics.

Linkages, The linkages of this distribution and environmental evaluation study are
legion. It will serve as a explicit linkage, or extension, of previously-funded Category III
CalFed exotic plant mapping programs for tidal marshes (to San Francisco Estuary
Institute 1997) with exotic species problems in the watershed. Objective information on
the status and extent of each introduced, invasive species of ’special concern’ forms an
essential base to satisfy the ERP Strategic Objective #7: "Develop focused control efforts
on those introduced species for which control is most feasible and of greatest concern."
The development of GIS databases for invasive species also effectively links the SFEI
Bay-Delta program with the larger regional California River Assessment program
(CARA) at U.C. Davis, and the fact that both systems (SFEI EcoAtlas and UC Davis
ICEMaps) are technically compatible (ESRI-Arclnfo) strengthens the platform for
collaboration.

Furthermore, we hope to integrate our databases with the California Department
of Water Resources assessment map for the Delta Flood Protection Program (DFPP),
which focuses on streams entering the Delta. Another fundamentally important set of
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studies of the ecology of Arundo and other invasive species, samples of soil, vegetation,
etc. will likely be collected simultaneously in some sites, but are not immediately
relevant to this proposed project and are under the auspices of these parallel studies.

We will provide an annual report on the status of this study, but because of the
extensive and complex set of data to be collected, the majority of data analysis and
interpretation of results will not be completed until the end of the project in Year 2. We
will continue to meet on a regular basis as Team Arundo del Norte, with fi-equent updates
concerning status and implications of on-going studies, and this has been a successful
forum to providing valuable and diverse peer review.

Local Involvement

Because this project does not involve manipulation of the ecosystem, it is not
relevant to notify county agents of the project, other than for their interest and to solicit
useful information, and where access to private or closed public lands for observations
may be required. Because of the dispersed nature of the project, it is impossible to
determine where such notification will be necessary at this time. Contact with local
NGO’s, particularly those involved in watershed protection, is desirable to the success of
information acquisition, and many of these contacts have already been made on an
informal basis through our Team Arundo del Norte outreach efforts.
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Costs

Task Direct Direct Indirect Service Supplies Total
Labor Salary & Costs Contracts Expenses/ Cost

Benefits Travel
Task 1 0 50,000 31,500 0 13,000 94,500
Data collection (25K/yr)
Task 1 0 0 12,250 20,000 4,500 36,750
Data processing
Task 2 0 (incl. above) (incl. above)
Data collection
Task 2 0 0 7,500 15,000 0 22,500
Data processing
Task 3 0 (incl. above) (incl. above)
Task 4 0 (incl. above)

Salaries
Co-P.I. -Dudley (25%, 2 yrs) 10,000 10,000
GRA - Unnamed (50%, 2 yrs) 15,000 15,000

Service Contracts San Francisco Estuary Institute 10,000 10,000
Information Center for the Environment 15,000

Supplies & Expenses
Maps $400
Nitrate probes & meter 650
Water quality supplies, equipment 2000
GP S/datalogger 4000
Stationery, databooks, etc. 200
Sample jars, glassware 250
Computer supplies & software 2500
Printing, copying (incl. report production) 2000

Travel Expenses 2500 2500

Communications
Phone, fax, postage 250 250

Total S & E 14,750 2750

Total (each year) 49,750 52,750

Indirect Costs 24,875 26,375

Total (2 years) $153,750
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CURRICULUM VITA (abbreviated): Thomas L. Dudley

Personal:
Department of Integrative Biology
University of California
Berkeley, CA 94720-3140

Education:

B.A.U.C, Santa Barbara 1975 Environmental Biology
M.S. Oregon State University 1982 Aquatic Entomology
Ph.D.U.C. Santa Barbara 1989 Aquatic and Population Biology

Relevant Experience:

Research Associate, Dept. of Integrative Biology, U.C. Berkeley; Invasion and control of giant
reed in California riparian areas (Calif. Water Res. Cent). 7/96-6/98.

Lecturer, Envh-onm~ntal Sciences Program, Univ. of Calif., Berkeley; Co-ordinate Senior Research
Seminar. 8/96-present.

Research Associate, Marine Science Inst., U.C. Santa Barbara; Livestock impacts and restoration
of Sierra Nevada sub-alpine riparian are, as (U.S Forest Service). 7/93-6196.

Senior Research Associate, Pacific Institute; Western water policy, ecosystem management and
conservation of aquatic biodiversity; Pacific Institute, Oakland, CA. 10/92-3/95.

Consulting Researcher, Cali£ Dept. of Parks & Recreation/TLT.C. Berkeley; Tamarisk invasion in
Anza-Borrego State Park; Survey and nkanagement plan for aquatic habitats. 5/92-2/96.

FacultyResearch Associate, Co-P.I.; Zoology Dept., Arizona State Univ.; Ecosystem consequences
oftrophic structure in a desert stream; (Nat’l. Science Found.). 8/89-6/92.

Research Assoc,; Marine Science Institute and Biological Sciences Dept., UCSB; Community
ecology of southern California streams (N.S.F. & Water Resources Center). 8/85-6/89.

Biological Consultant, Aquatic Biology - stream and estuary impacts, biodiversity assessment;
Dames & Moore, Inc., A.D. Little, U.S.E.P.A., Cali£ RWQCB-Lohanton, etc.

Relevant Publications (34 total):

Wilzbach, P., T.L. Dudley and J.D. Hall. 1983. Recovery patterns in stream communities impacted
by the Mr. St. Helens eruption. Tech. Rept. A-059-ORE0 Water Res. Res. Inst., Corvallis,
O1~

Cooper,S.D., T.L. Dudley and N. Hemphill. 1986. The biology of chaparral streams in southern
California. p. 139-152 in J. DeVries (ed.). Proc. Chap. Ecosystem Research CoRr. Report
No. 62, Cali£ Water Resources Cent., Davis, CA.
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Appendix I.

ARUNDO SAMPLING PROTOCOL Directions on back [optional info is in brackets]
questions/irdo: tdudiey@socrates.berkeley.edu; 510-643-3021

DATE
SURVEYOR (include contact info):

LOCATION
USGS Quad. name and Scale Site number

Site name County
Location Jurisdiction

[Co-ordinates, GPS locations]

SITE DESCRIPTION
Habitat type Length of site visible

Floodplain width Channel width Stream width

Gradient [Elevation] [Stream order]
Channel form Substrate
Hydrology Chamael structures
Surrounding land-use:

Space for cross-section profile
Riparian corridor width
Riparian vegetation composition (incl. other exotic spp.):

Hydro-geomorphic setting:

ARUNDO STAND DESCRIPTION (circle appropriate choices)

Abundance*:    0 1 2      3 4 Approx. # of clumps at site

Ave. max clump height: <6 ~ 6-12 12-18 >18t~ Ave. distance betw clumps
Growing in: Sun Shade Species forming shad~ Canopy ht.
Vigor: Bright green    Mature/faded greenYellowing Browned Dead
Branching: None 10% of stems (sparse) 50+% (common)
Reproduction evidence:

* See key (back) for category descriptions. If abundance category is 2 or less, you may want to nse extra
datasheets to characterize individual clumps, including plant height, circumference or length/width of
clump, stem density, and details of each habitat/genmorpinc setting.

Other pertinem environmental information (incl. control or mg~. ac~ities):

ii
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Appendix II.

Task 4. Non-indigenous wetland and riparian species of the Watershed

This Task is not specifically part of our Ar~ndo distribution project, but is a
component of the larger goal of understanding the broad spectrum ofinvasive riparian
species in the Bay-Delta watershed, which may be of interest to the CalFed ERP.
Because information will be developed along with the other data gathering efforts, and
much of our current work draws from the original report described below, it is included
here as an allied Task. It is our intent to request support funds at a later date for carrying
out this Task.

Through interviews and site visks we will gather and collate data regarding
distribution and habitat associations of all non-indigenous plant species that could be
considered problematic for resource managers. This task is intended to correct, update
and expand coverage of a prior statewide evaluation of invasive wetland and riparian
species (’Biological invasions in California wetlands: The impacts and control of non-
indigenous species in natural areas’, Dudley and Collins 1995). In that report we
surveyed managers of 52 protected areas representing the bioregions of the State, and
categorized the status of and risks associated with 72 plant taxa (68 found within the Bay-
Delta watershed) and 70 exotic animals (61 in the watershed). We intend to provide a
more complete and comprehensive coverage of areas in the watershed that are protected
as natural areas or managed for resource values which are potentially threatened by
invasive species. At this point we ~vould focus upon invasive plants in order to integrate
watershed data with invasive plant data for tidal wetlands and with California Dept. of
Agriculture assessments of aquatic plants in the Delta (e.g. Eichhomia, Egeria, Hydrilla,
Lythrum, etc. being investigated by L. Anderson and D. Spencer), and animals could be
incorporated at another stage of the project. Much of this information can be gathered
simultaneously with the work covered in Tasks 1 and 2
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ARUNDO SAMPLING PROTOCOL (the Windshield Survey)

The goal of this sampling effort is to determine the general characteristics of plant growth and habitats,
including factors which may promote or inhJbitArundo spread, and resources at risk. The distributional
information will be catalogued into a reginnaFstatewide mapping program to provide a comprehensive picture
of the status ofArundo invasion, and a baseline to assess management efforts.

The protocol form includes general information useful for the larger effort; you can modify this to
create your own working data-sheet i~ there is additional iaformatian useful to you. We .typically seek
accessible riparian or wefland sites, often where a road crosses a stream, and take notes at the site. For a single
stream with multiple access points, one might keep a single data sheet for general information, and then use
extra sheets for information at specific sites. Keep in mind that some populations occur well away from
wetland edges and are worth noting, esp. since they nlay be the planted material source for invasive material
downslope. It is useful to have a topo map or other detailed map in hand and referenced to the data sheets.
Please transmit a copy of your data to us at the address below so they can be incorporated into the statewide
effort.

Following are some instructions regarding certain details of the protocol:
Location - road crossings, hearty Landmarks, other siting info.
lutisdicdon - who owns and/ur manages the sites (also local orgamzation concerned with site)
Habitat type - river, stream, intermittent stream, pond, ditch, garden, etc.
Length of site - meters (or other measure) or habitat observed, to establish density per stream length
Gradient - may be estimated as qualitative steepness of stream, or expressed as % slope if possible
Widths -approx. distance across Floodplain (whole valley width); Channel (from recognizable bank

to bank, the standard riparian zone); Stream (ave. width of the actual water)
Channel form - e.g. dowaxcut, wide channel bottom, vertical or broad banks; could draw x-seetiun
Substrate - dominant sediment in channel: silt, sand, cobble, bedrock, wood, etc.
Hydrology - upstream dams, diversions, free-flow, spring-fed, aglic, drains, etc.
Channel structures - physical elements that may promote Arundo (bridges, rip-rap, etc.)
Surrounding land-use - agriculture (type), residemial, industrial, wildlands, forest, etc.
Riparian corridor width - how far vegetation extends on each bank from stream and bank edge
Riparian vegetation composition - major riparian trees, approx, abundance, understory plants, other exotic

species present, other notes regarding riparian condition
Hydro-geomorphic setting - where are clamps? in stream, sandbars, inside or outside meander

bends, on terraces, base or top of bank, hillslopes, adjacent to structures like bridges, etc.
Abundance - estimated abundance in ecosystem segments (somewhat arbiwary), possibly delineated

as the reach accessible or visible from each sampling station (Habitat lengfla)
Categories: 0 = absent (we have to keep track of where it’s NOT also)

1 = one to few isolated clamps
2 = scattered, probably less that 20 clumps/mile or 5/100 meters
3 = common or major riparian element, 20 - 200 clumps/mile or 50/100m
* = dominant type, forming continuous stands in areas

Reproduction evidence - note presence of flowering stalks, whether they are new or last year’s stalks, new
eulms emerging from ground, new clumps, etc.

Space is left at the bottom for any additional notes that you may deem relevant to the presence of
Arundo. This space may also be used to draw a cross-seedoanl profile of the channel or site to indicate die
typical locations of Arundo plants at the sites.

Please contact me with questions about protocol or other aspects of Arundo biology and
mapping. Send datasheet copies to: Tom Dudley, Dept. Integrative Biology, U, of Calif.,
Berkeley, CA 94720-3140; tdudley@socrates.berkeley.edu; phone: 510-643-3021; fax: 510-
643-6264.
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Project Costs. Costs will not be assigned specifically to insuring accomplishment of
project; assurance and quality control will be maintained through regular information
exchange and feedback among collaborators. The Indirect Costs rate for the University
of California is 50%, and covers costs of office and equipment maintenance, and
administration of grant activities. It is possible to negotiate Indirect Costs, as a
substantial portion of the project will take place ’off-campus’, and may qualify for non-
campus rates. A detailed quarterly budget will be prepared and provided when feasible.

Schedule. Completion dates for each task are provided within the Project Description.
Salary will be paid monthly according to standard campus administrative policy, and
payment schedules to the University of California would be negotiated according to
standard policy.

Cost-Sharing

Other funds to be committed to mapping of Arundo and other invasive plants:
EPA Wetlands Grant to CDF&G (Lead Joel Trumbo) $12,000
EPA to support SFEI Goals Project $20,000

These funds are approved and committed to SFEI to support invasive species
mapping in the watershed. Additional shared costs will be associated with companion
projects submitted by Team Arundo del Norte and by U.S. Dept. of Agriculture, ARS;
please refer to specific proposals for details.

Applicant Qualifications

The applicant (T. Dudley) has been conducting studies of the ecology and impacts
of non-native species in western streams and riparian areas since 1990, focusing on
Arundo donax, Tamarix spp., and Cynodon dactylon (bermudagrass). He has been
involved in riparian restoration since 1982, particularly the role of vegetation in recovery
of montane meadows damaged by livestock gazing. His research has concerned the
dynamics of stream communities and ecosystems since 1977, and he is currently a
Research Associate and Lecturer at U.C. Berkeley. ]n addition, he is the Science &
Technical Issues leader for Team Arundo del Norte and the northern California contact
for the statewide Teams Arundo network, a member of the Board of Directors of the
California Exotic Pest Plant Council, and serves on the monitoring review panel for the
CalFed Ecosystems Kestoration Program. (curriculum vita is included)

Responsibilities of major collaborating participants (SFEI, ICE) are described in
Project Description. Other collaborating partners will not be under salary contract, and
the collaboration is via information sharing and evaluation.
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linkages will be with local, sub-watershed based mapping programs. Our regional
mapping will be conducted in co-operation with the continuing efforts of Team Amndo
de! Notre to identify sites and carry out Arundo eradication in several sites in the region,
which is being proposed for CalFed funding as part of this same PSP, and site
information exchange will be fully bi-directional. Locally, the Sonoma Ecology Center
(TAdN lead agent) has already developed GIS maps of infestations in the Sonoma Creek
watershed that conform to this proposed mapping protocol, and both the protocols and the
resulting maps will be shared routinely with other TAdN partners that are not explicitly
linked to the Team Arundo CaLFed ERP projects, such as the Cache Creek Conservancy
and the Sacramento River efforts (contact Julie Cunningham, CalDWR).

Technical Feasibility and Timing

Because this project requires no construction or other form of disturbance, no
environmental compliance documents, protocols nor permits are required. A discussion
of alternatives to this project is also not relevant to the work proposed.

Monitoring and Data Collection Methodology

Ecological Objectives. Despite this being primarily a research project, the data collected
will themselves provide a baseline dataset for assessing or monitoring maj or Arundo
population changes in the future. Unfortunately, it is beyond the scope of the project to
provide the intensive detail necessary for unambiguous evidence of minor (but important)
changes, but our information will provide a starting point for local restoration personnel
to develop the types of maps needed for such an evaluation. This will be the case in the
eradication work that we, through Team Arundo, are proposing. At this time, we are not
developing plans for future monitoring to take advantage of the baseline information we
generate, but that is a likely option as part of the larger Team Arundo program.

In undertaking an extensive data collection approach such as we are proposing,
there is always the risk that it will not be possible to differentiate patterns responsible for
Arundo invasion, although we will certainly have objective characterization of the
conditions where it does occur, and a comprehensive picture of the extent of that
invasion. Such information is essential in determining where active management is
needed, and how to plan this work.

Monitoring Parameters and Data Collection Approach. Research methods have been
described in earlier components of this proposal, and our basic protocol for information
organization is provided in Appendix 1. We propose only a single visit to any site as part
of the project, and timing and duration will depend upon the site needs in each river
system.

Data Evaluation Approach, We do not anticipate collecting physical samples from the
field as part of this project other than limited water samples for water quality assessment,
and will rely primarily on observation and field measurement data along with existing
data collected via other remote means. Because we are involved in a variety of other
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Ecological Benefits

Objectives. The primary benefit of this proposed mapping work will be to provide a
comprehensive understanding of the scope ofArundo donwx infestation in the Bay-Delta
region and watershed. This information will be made available through electronic and
published media to the public and to managers responsible for resource protection within
the watershed. With this information, managers can more effectively direct efforts to
reduce the impacts posed byArundo infestation, and we will be able to identify those
ecosystems that are not presently heavily infested but are at risk to future invasion. By
documenting the status of certain aquatic invasive species in the Bay and Delta, e.g.
Spartina spp. and Lepidium latifoliutn (G-rossinger et al. 1998) or Egeria densa,
Eichhornia crassipes, Lythrum salicaria, etc. (California Dept. of Food & Agriculture
Weed Research and Information Center), it has been possible to make rational plans for
control. This is NOT the case for other invasive species that are associated with riparian
areas in the Delta and watershed, such as Arundo, Tamarix spp., Delairea odorata (Cape
ivy) and many others for which we have limited or very coarse resolution information on
their status and habitat associations (Dudley and Collins 1995, Bossard et al. in press),
despite the potential for much greater impact to native species and ecosystem function.

The threats posed byArundo invasion and the benefits of eradication projects are
detailed in the CalFed companion proposal to this one, "Arundo donax Eradication: A
project of Team Arundo del Notre’ (TAdN; lead organization, Sonoma Ecology Center),
but a summary of its environmental impacts and potential beneficiaries of eradication is
useful here.

Arundo donax (Giant reed) is a perennial grass native to the Indian sub-continent that has
invaded extensive portions of the already tkreatened wetland and riparian habitats of
CaLifomia, particularly in the southern part of the state (Dudley 1999, Bell 1997). Arundo
reproduces only vegetatively, and propagules, primarily rhizomes, are carried downsweam
during flooding events (Else and Zedler 1996). It forms dense stands up to 8 meters tall which
are purported to displace native riparian species and create unsuitable habitat for a variety of
sensitive aquatic and riparian wildlife species (Bell 1997), including insects upon which many
wildlife species depend (Herrera 1997). Because these dense stands are highly flammable,
they offon convert riparian areas fi-om firebreaks into fire hazards (Scott 1994, K. Gaffney,
unpub, data). Additionally, it is indicated that Arundo both reduces groundwater because of
its high transpiration rates (Iverson 1994) and changes chmmel morphology by retaining
sediments and constricting flow. Their shallow rhizomes provide little structural integrity to
streamhanks, resulting in undercutting and subsequent bank slumping. In the evaluation of
biological invasions of California wetlands Dudley and Collins (1995) identified Arundo as
one of the major problem species degrading riparian areas in the state, and the California
Exotic Plant Pest Council (CalEPPC) included it as one of the top 5 species of concern.

In southern California, Arundo dominates the riparian vegetation of numerous river
systems, such that some avian taxa are forced to use these poorer resources (Arundo along
with Tamarix/saltcedar) for roosting and foraging because it is the primary vegetation
available (J. Greaves, pers. comm.). In northern California we have the advantage that Arundo
is common, but does not yet dominate most riparian systems, so relatively small control and
restoration effotts may forestall the utterly devastating level of invasion that has changed the
nature of rivers to the south. In-stream fauna will also benefit fromArundo eradication,
including both steelhead trout and coho salmon, as Arundo alters both the physico-chemical
nature of the stream channel and the quality and timing of organic material inputs from litter
that forms part of the trophie base for juvanile salrnonids. This is a vital concern in the
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locating over 150 populations in Alameda and Contra Costa Counties alone (most of
which do not pose serious threats). At each access point GPS equipment will be used to
establish spatial co-ordinates, regardless of presence or absence of Arundo, and a
standardized set of data will be attributed to that location to characterize the nature and
abundance of any Arundo present within a standard stream reach length, geomorphic
features, associated ecosystem and land use traits, and other relevant information (see
Appendix 1).

A relational database will be constructed which includes survey locations from
the GPS co-ordinates or from 1:24,000 scale USGS topographical maps and the
associated environmental information, and these data ~vill be incorporated into the
basemaps for the SF Bay EcoAtlas developed by our collaborators at the San Francisco
Estuary Institute (SFEI). This is a detailed inventory of historic and current resources of
tidal areas of the region, involving ESRI-ArcInfo geographical information system
technology (GIS). SFEI recently completed a survey and evaluation ofinvasive plants
inhabiting tidal marshes of the Estuary (Grossinger et al. 1998), and current goals are to
expand coverage to surrounding watersheds; Arundo was included in the tidal zone map
and identified as a Potential Species of Concern because of its presence at the brackish
margins of the Estuary and on Delta levees. It will be a key invasive exotic species
linking the tidelands with the network of tributaries entering the Bay/Delta. The database
will remain part of the EcoAtlas inventory system, and printed maps showing areas of
infestation will be produced for distribution as well as being accessible to the public
through the SFEI Website.
[completion date for data acquisition: December 1999; for map production: July 2000]

Task 2. Extensive, low density mapping of Sacramento/San Joaquin watershed
The same basic data collection protocol will be used to document the presence

and abundance categories ofArundo in major streams and tributaries of this larger region.
Locations will be established according to 1:100,000 maps or possibly greater to reflect
the larger geographic scale of this component of the study. The standardized protocol
(Appendix 1) has been made available to co-operators of Team Arundo del Norte.
However, the difficulty in applying uniform standards to such dispersed data collection
approaches, and the absence of experienced informants in much of the watershed, make it
necessary to undertake site visits throughout the region in order to validate and augment
data gathered by informants. It is impossible to sample at the same geographic density as
in Task I, so we will focus attention on major stream and river reaches and attempt to
provide relatively equal levels of sampling intensity throughout the watershed.

This extensive coverage will allow sampling of a wider variety of environmental
circumstances, increasing file range of data values which will increase the likelihood of
identifying patterns in Arundo distribution. Environmental data will be collected both in
the field (abundance, geomorphology, associated species, etc. as before), from existing
maps (elevation, gradient, soils, land use) and from other available sources (discharge
patterns from USGS station data, water quality and nutrient data from EPA databases,
and depth to groundwater where data are available). Nutrient data are important because
we have shown a preliminary correlation between surface water nitrate concentration and
Arundo abundance statewide, and our greenhouse studies indicate surprisingly strong
responses to nitrate addition, suggesting a possible linkage between enrichment from
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Executive Summary

The invasion of California wetlands and waterways by non-indigenous species of
plants and animals poses a serious threat to the ecological integrity of these ecosystems,
as has been clearly acknowledged by the CalFed Program, Strategic Plan ERP Goal #5, to
"... reduce the negative biological and economic impacts of established non-native
species". Of particular concern is Arundo donax, commonly know~ as Giant reed, which
was introduced into California from Eurasia in the previous century and is now listed by
the California Exotic Pest Plant Council as one of the top 5 problem species in the State.
Despite increasing awareness of this problem, the precise distribution and abundance of
Arundo, and the mechanisms by which it invades and displaces native riparian
communities, are poorly known, especially in the central and northern part of the State
where population expansion appears to be continuing at a rapid pace.

To manage species invasions effectively, it is necessary to accurately assess
where the pest species is, how much there is, and what areas are at risk for infestation.
Such information has been carefully compiled for selected invasive plant species in the
tidal reaches of the Bay-Delta~ but the distributions of many explosive species that inhabit
Bay-Delta margins, and riparian areas in the watersheds, have received surprising little
documentation. This project is intended to provide an objective evaluation of the extent
and magnitude of invasion of riparian areas throughout the entire drainage network of the
Bay-Delta byArundo donax. It complements an effort proposed to the CaWed Ecosystem
Restoration Program by Team Arundo del Norte to undertake a series of Arundo
eradication projects in numerous locations in the watershed, and to develop guidelines for
conducting such work for use by regional watershed protection groups. In this context,
there is a need to develop a better understanding of the geographic scope of the Arundo
invasion problem, of the factors that promote or that may inhibit its expansion in river
systems, and to determine where control efforts are most critically needed. As riparian
restoration projects are proposed throughout the Bay-Delta watershed, we particularly
need to understand whether and where Arundo (along with other invasive riparian plants)
will interfere with the restoration process and potentially overwhelm the programs that
are being proposed, and subsequently to incorporate such information into restoration
planning.

We will build upon preliminary distribution information developed through
interviews with resource managers in the region, and through informal surveys in the Bay
Area counties. Because knowledge of the situation is limited and uneven, new remote
information gathering will be supplemented by field surveys to fill in the many
information gaps, and to collect data on ecosystem attributes that are associated with the
presence of Arundo. The data gathered will then be incorporated into publicly-
accessible, digital resource databases at two regional spatial scales, the San Francisco
Bay Area via the EcoAtlas being developed through the San Francisco Estuary Institute,
and the California Pdvers Assessment (CARA) program of the Information Center for the
Environment (ICE) based at U.C. Davis.

A nested task will involve assessing through interviews and site visits the
presence, and invasive potential, of Arundo and other key invasive plant species in
completed, current and planned riparian restoration sites in the region.
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